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ABSTRACT

Jordan is located in an arid zone that is subjecflash flood hazard initiated by heavy rainfalbishs that frequently
prompt massive damage to life and infrastructuree Zarqa Ma'in catchment area is located in thetcanpart of
Jordan, East of the Dead Sea and about 10 km sesthoi Madaba city. A major flash flood event ocedrin the Zarga
Ma’in area on October 2 2018. This event was characterized by a rainfadicipitation amount of 43 mm within 22
minutes. The impact of this flood has been disastrwith 21 people killed and several injured. Tétisdy deals with the
analysis of the various factors that caused thisHl flood as well as calculation of runoff values Zarqga Ma'in
catchment area through the use of the hydrologidetiog Soil Conservation Services (SCS) methodethad that is
often used by hydrologists in arid regions and \W&ited Modeling System model (WMS 11) and Geogrdpfiacmation
System (GIS 10.7).

Rainfall and climatological data analysis and integtation by using frequency analysis indicatedratease in
rainfall amounts and temperature during the last yi®ars due to global climate change. Analysis ofpinometric
parameters showed that the morphometric charadtesisof the watershed contribute to high-speed dfowvith low
infiltration rates. LU/LC results showed that thare rocks and soil cover about 35% of the Zarqa iklgatchment area
which will increase the velocity of runoff waterdaaccelerate its flood peak. In the hydrologicaldeling, the HEC-HMS
model was applied to Zarga Ma'in watershed to pcetlie surface runoff after passing with WMS. Thakpdischarges
obtained for the thunderstorm which occurred ondabet 25", 2018. The flood hydrograph volume is about 2.98\MM
with a peak discharge of about 102.9%sxfor sub-basin 1, 1.31 MCM with a peak dischasfjabout 126.66 f¥s for sub-
basin 2 and 4.3 MCM with a peak discharge of 14678 at the outlet of Zarqa Ma’in catchment. The tesfithe cross
section of sub- basin 1 indicate a water depthIsh¥rom the ground, while the water depth in thessrsection of sub-

basin2 from the ground was 3m.
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INTRODUCTION

Jordan is classified climatically as an arid regimeording to the “world map of KE€oppen_Geiger eieclassification”

(Peel et al., 2007). These climates tend to be diwtracterized by rainfall decrement and frequentraer heat waves.
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These conditions are immediate consequences ofiwild climatic changes that have recently beemuémiting several
locations in the world (Abdallah, 2020). Climateadge, as defined by the United Nations Intergovemtal Panel on
Climate Change (IPCC) in the Third Assessment Ref@R) of working group |, means “any change imwte over
time, whether due to natural variability or as aute of human activities.” (IPCC, 2017). The IPCéport highlights
several climate changes impacts that could be evagelimiting global warming to 1.5°C compared tC2 or more
unstable weather conditions, which Jordan encosntirring the change between seasons, usually Hreayy
precipitation that result in flash floods (IPCC,1Z0. Many factors are relevant to the occurrenca fish flood and are
divided into meteorological factors and hydrologjiigators (Youssef et al., 2015). Geomorphologytaaa the disparities
in the elevation, slope degree and slope aspethieofand surfaces and partially, urbanization ttaaises variations in
wind, temperature, precipitation, and cloudinedser&fore, the differences in the geomorphologicalfigurations cause
climatic differences (Keliler et al.,2010). Flagbdds are among the most frequent natural disasteéesms of human and
economic loss in many countries (Svetlana et 8152 Several flash floods were recorded recemtlyardan such as
Zarga Ma'in area, Petra, Downtown Amman, Wadi AH&é¥a Muleih area and were responsible for dozergeaths (Al-
Sharaan, 2018). On October™22018 only 22 minutes of rain formed killer flalsttfds which swept 21 people, including
16 schoolchildren, to their death in the Zarqa Ma&/alley in the Dead Sea area (Namrouga, 2018¢rAfto weeks, on
10 November 2018, another flash flood struck sdvameas including the popular tourist spot of Petnal another 12
tourists died in South Jordan. Thousands of taurigre forced to leave Petra (Zeineh, 2018). Tthidyson the flash flood
of Zarga Ma'in area will help to evaluate and ursti@nd the past flood events and present trendpaselbly predicting
the future. It will also be helpful in understanglithe flood hydrology and geomorphic effectivenetdloods and for
planning, management, and administration of fldsbds that may happen in future. In addition, thiisdy can assist
researchers and decision makers to get an ided fibod cycle of Wadi Zarga Ma'in i.e. the recurceninterval of floods
as well as the area which is under level zone. bl@e knowledge about the causes and consequehftesds caused by
climate change and determining which factors cadkedlash flood events will assist in presentihg best mitigation
procedures for solving such type of flood probleb@habneh et. al (2019) conducted a study aboublygical modeling
for Al Hasa catchment area using GIS Techniquey theed three methods for flood calculations, naméiye of
concentration, unit hydrograph, and SCS curve numiegthods. They concluded that results of the thneéhods were
close and acceptable, however, time of concentratiethod have the highest value because it takedeal variables
considered and ignored external variables effektdVeshah and El-Khoury (1999) described a flooclgsis model
developed and calibrated for the Petra catchmaimguhis model, flood volumes and flows have bestimated for storm
events of different return periods. Farhan and Ar(B@16) conducted a study to assess the flashl flodVadi Yutum
watershed, southern Jordan. The assessment wasateddising remote sensing and geographical infilomaystems
(GIS) techniques combined with geomorphic and ggold field data to test the probability of floodimisk spatially.
Farhan and Ayed (2017) presented a flash floodsassent for Wadi Wuheida (Southern Jordan) and \WRagli (Northern
Jordan) watersheds using GIS, DEM, ASTER, and gepinio field observation. A total of 23 morphometparameters
of paramount importance to flash flood risk estio@twere extracted and computed using SRTM DEM,,G&d
mathematical formulae developed for this purposedysarea. Zarqa Ma'in area is located in the etmart of Jordan to
the east of the Dead Sea and 10 km south-soutlofiétidaba city (Fig. 1). The area of the catchmgmtround 276 km?2
and contains a confined river of about 23 km lenfjtts characterized by a sub-dendritic drainagework with two main
trends, N-S and E-W (Odeh et. al, 2013).
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Figure 1: Location of Wadi Zarga Ma'in.

Zarga Ma’in area is characterized by moderate gb helief with elevations from -418 m below seaeleand 923
m above sea level. Due to the high relief for thelg area especially in the south western partigheof damage caused
by a flash flood is very high. Zarqga Ma'in areavésy rugged with steep slopes devoid of any soiecoThe soil erosion
and runoff velocity are in directly proportional the degree of slope. Digital Elevation Model (DEBHurced from
Shuttle Radar Topographic Mission (SRTM) with 12rb X12.5 m was used to generate different morphdmetr
parameters like slope which present in Figure 2 Thrga Ma'in thermal springs are viewed as thennggiothermal
manifestations in Jordan because of their flowsrated high temperatures. About 100 thermal spriwgh, temperatures
up to 63°C, issue from Lower Cretaceous Sandstmakeddder units (Sawarieh and Massarweh, 1995). dthsical
characteristics (climate, soil, geology, land usd gegetation) of the catchment affect indirecklg ¥olume of the flood
that forms in it. The average annual precipitai®maround 243 mm in Ma'in station. Most precipdatis concentrated
between October and April. There are two aquifarthe study area an upper unconfined aquifer almvar confined
aquifer. The upper aquifer is comprised mainlyaié|Cretaceous and Cenozoic limestone. The lowgfeagonsists of
early Cretaceous and PermoTriassic sandstoneg aad thermal water (up to 58°C) (Shawabekeh, 10@8gane et. al,
2002).
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Figure 2: Slope of Zarga Ma'in Catchment.
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Figure 3: Geological map of Zarga Ma’in Catchment Modified
After Shawabekeh, 1998).

The rocks in the study area are mostly sedimemtanlys and belong to Paleozoic, Mesozoic, and Cao@ges
(Shawabekeh, 1998) (Fig. 3). The upper part isistets mainly of marls, dolomite, and limestone gipdr Cretaceous
age with a total thickness of about 700m. The lopamt comprises predominantly of semi consolida@adstones with
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thin intercalations of marls and limestone withotat thickness of about 650m, ranges in age frorddi@ Cambrian to
Lower Cretaceous (Bender, 1974). The Cenozoic rackssist of extrusive igneous rocks and clastic aadclastic

sedimentary rocks.
METHODOLOGY

The physically based conceptual approach with abkdldata, which provides more insight into thegitgl nature of the
watershed (landuse and topography) and meteoralogainfall and runoff), has been adopted. Figuie a flow chart of
the methodology used in the current study wittditeerent data sources and data-sets. The Satliagery was used for
mapping of land use and morphological charactesstThe geological data used in the current studly help in
understanding different rock units and map theeddfit soil units. The hydrological data include Hiigtorical records of
the rainfall dataset will be used for rainfall aysa$ and statistical distributions, moreover, evagion, climatological data
such as (temperature, relative humidity, wind speedl be taken into consideration for flood calatibns. The
hydrological data set was collected from the Miyisbf Water and Irrigation (MWI) and Jordan Metelogical
Department (JMD). The original dataset has be¢erétl and tested for its consistency for the 18sy&ars to be used in
this study.

No direct runoff measurements or records are availat the MWI for the catchment area thereforé, al
hydrological data has been used for estimatinghgfetographs for various return periods and runoftimes during the
last 38 years. Runoff volumes were calculated basethree different methods: Curve number (RaiffRalhoff model
approach), Time of Concentration, and Unit hydrpbrenethod. The flood calculations for the catchnegets were based
on three sets of highly detailed information gralipgo three categories: hydrologic, hydraulic, émglographic. The first
step is to build the intensity curve—duration—freqey (IDF), and then estimates the peak dischaf@gs) using a

statistical method for different average recurreinterval.

The second step, defining basin delineation, streatwork, topography, and geometric characterigiic®EM
processing, using ARC GIS and WMS model (Myroniglial., 2016). The third step, modeling rainfalioif relation,
using HEC-HMS model. Digital elevation model (DENpom Shuttle Radar Topographic Mission (SRTM) with
12.5x12.5 m spatial resolution was used for exmgcthe drainage catchments, drainage networks, namgbhometric
parameters. The fourth step is building the bagidehand extracting the cross sections from the Giidvg the reach and
importing them into the hydraulic model HEC-RAS €Tfifth step is creating a conceptual model anéhitef the network
schematic on HECRAS using Manning'’s roughness mefft (n) for every cross-sectional area. Thehsstep is applying
a steady gradually varied flow analysis which cstssiof peak discharge information, boundary cood#j and flow
regime to compute water surface elevation alongtamnel geometry of wadi Zarga Main with the netperiods of 2, 5,
10, 50, 100, and 1000 years.
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Figure 4: Flow-Chart Summarizing the Methodology.

LAND USE ANALYSIS

An aerial photo was taken and ground-truthing hasnbconducted to investigate the actual groundrcamd take a
checkpoint. The google map (2020) was used to namtsthe land use map of the Zarga Ma'in catchnaamt it was
classified into nine classes (Figure 5). Table dwshthese classes, their areas, and their perentébe bare rocks cover
about 16% and the bare soil cover about 19% oZ#rga Ma'in catchment area which will increase whcity of runoff
water and accelerate its flood peak. This can bered from the spread of sandy lands and sedimentilleys in the
lower parts of the watershed, as for agricultuaalds, they are widespread which make up about 43%teccatchment

area.

Table 1: Total Land use Cover of the Zarga Ma'in Cachment

Name Area (Km?) Area%
Urban Fabric 10.77 3.90
Tree Crops 19.13 6.93
Water Bodies 0.01 0.003
Bare Soil 18.85 6.83
Bare Rock 45.00 16.30
Wadi Deposits 26.32 9.53
Pastures 35.66 12.91
Field Crops 120.27 43.58
Total 276 100

Impact Factor (JCC): 6.3238 NAAS Rajif8.73



Impact of Climate Change on Flash Floods Using Hyalogical Modelling and GIS: Case Study Zarqga Ma'iirea 35

35°35°0"E 35°40°0°E 3I5%45'0°E 35"80°0"E

N

+ #

31°50'0°N
31°50'0"N

31°45'0"N
450N

£ : :
s Ju
] A =
¥ A 3
= % - . L]
= M
wei Ol E= .
£ " *_', "E-r‘.ﬂ =" Land Use Map 5
4 R ]
“g “M_\‘f. ] Bare Rock [ Tree Crops 1:
-~ e, -
hid X B sarc o Urban Fabric |7
: A | | Field Crops Wadi Deposite
pastures [ Water Bodies
o Z 4 ¥ 12 =
35°350°E 35°40°0"E 35°450°E 35'500°E

Figure 5: The Land use Map of Zarga Ma'in Catchment
SOIL TYPE ANALYSIS

There are eleven types of soil in Zarqa Ma'in bagioording to the classification of Ministry of Agulture in Jordan
(1993) (HTS and SSLRC, 1993) as presented in Fi§uifehese soil types were reclassified accordinthédr texture in

order to be used and reclassified for SCS curvebeurmethod. Moreover, 20 representative samples the study area
were collected and analyzed for their texture bgrbyneter method. All samples have been classifiedfasandy loam,
sandy clay loam. This soil is characterized byah®unt of water flow. Each type of soil was assitweits hydrological

soil group created by US Soil Conservation Seryl8€S) depending on their permeability and infilbatwhich are

divided into 4 groups A, B, C, and D. The soil nvegs then reclassified into Hydrological Soil Grop$G) as shown in
Figure 7.

CLIMATE CONDITIONS

Meteorological data for the study area are obtainech two weather stations installed inside andsiolat the study area.
These are Mushaqqgar (CC0004) and Wadi Wala (CDO@®xdh climatic stations are operated by the Migistf Water
and Irrigation (MWI). Climatic data contain averaggarly and monthly values for minimum and maximiemperature,
relative humidity, average wind speed, and pan enadjpn. The average annual temperature for baitoss is 16.3C
and 19.4C respectively, while the mean temperatures vam8°C in January to 2€ in July for Mushaqgar station and
from 10 °C in January to 28C in July for Wadi Wala station. It can be seemfr&igure 8 that the mean monthly

temperature in Wadi Wala station is higher than itndlushagqgar station in the winter season.
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Figure 6: Soil Types of the Zarga Ma’in Catchment Aea (HTS and SSLRC, 1993).

Figure 7: Hydrologic Soil Group in the Zarga Ma'in Catchment Area.

Figure 8: Average Monthly Temperatures in Wadi Walaand Mushaqgar.

Impact Factor (JCC): 6.3238
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The average annual relative humidity of the southgart (Wadi Wala) area is 68.2 %, and it is 62.5n%he

northern part (Mushaqggar) of the catchment areg @)i. Dominant winds in the area , that are froestwto north- west,

prevail in winter seasons and east, north-eastajir@v the summer season. The average potentialarevaporation

measured at Mushaqqar station is about 2274.5 namamd 2275.5 mm/year in Wadi Wala station. Dadlinfall data

from eight rainfall gauging stations inside andsidg the Zarqa Ma'in watershed was collected feddkt 38 years. These

stations are operated by the Ministry of Water Aridation (MWI). Locations of these meteorologicthtions are shown

in Figure 10. The highest average annual rainfal vegistered at Mushaqqar station inside the c&oharea, where the

lowest average annual rainfall was at South Shtat#os outside of the catchment area (Table 2). [Bodyetal map

shows that rainfall varies between 180 mm in thetsern part of the catchment to more than 330mthémorthern part

(Fig.11).
Average Yearly Relative Humidity at Wadi Wala Average Yearly Relative Humidity at Mushaqqar
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Figure 9: (a) Average Annual Relative Humidity forthe Southern Part, and (b) Northern Part of the
Catchment Area.
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Table 2: Average Annual Rainfall in (mm) for the Ranfall Stations

: : No. of | Average Yearly
Station ID Station Name Start End Years Rainfall (mm)
CC0002 |MA'IN 1980 2018 38 243.88
CC0001 |MADABA 1980 2018 38 294.7
CD0028 |MULEIH 1980 2018 38 205.4
AMO0007 [|SOUTH SHUNA 1980 2018 38 163.1
ANO0O004 |ADASIYA JANOUBIYA 1983 2018 32 295.3
CC0004 |MUSHAQQAR EVAP. ST 1985 2018 33 3334
CD0006 WADI-WALA EVAP.ST 1980 2018 38 254.8
CD0016 |JUDAYDA 1981 2018 35 223.18

During the last 38 years, the biggest rainstorras dlscurred at Ma'in and Madaba stations (1980-P0/g. 12).
It is clear that increasing trend in the maximuniydarecipitation over the catchment area during lidist ten years which
could be attributed to climate change (Abdallat2®0According to the records of the rainfall sias found in the Zarga
Ma’in watershed, the annual average rainfall id .883mm in Ma'’in station, and 294.68 mm in Madabatish. The
annual rainfall data for these stations have beerpltted against the corresponding water yearaasbe seen in Figure
13.
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Figure 12: The Highest Rainstorms that Occurred aiMa’in Station and Madaba Stations (1980-2018).

Average Yearly Rainfall at Ma'in & Madaba Stations (1980-2018)
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Figure 13: Yearly Rainfall of Ma'in and Madaba Stations.
CATCHMENT CHARACTERISTICS

The morphometric parameters showed that the catthanea has an area of 276 Krfihe area has been divided into two
sub-catchments; both have an elongated shape wbithibutes to huge amounts of transmission loSdes.upper part of
the watershed is a pre-dam area and has an astmof 194.79kfm The lower part has an area of about 81.08 which

is supplied from more than 40 side valleys at tadise of about 25 km to the Dead Sea after the gahuding the Ma'in
baths area and other side valleys (Fig. 14). Tlezame overland slope shows the plateaues natwatairés to low-level
features of the study area which speeds overlawd diver little distances (449.6 m to 392 m). Theakéasin elevation
from the most upstream edge to the outlet diffeosnf464.8m to 760.6m. The main average slope ofrthim channel
varies from 0.0132 to 0.0566 m/m. The high slopthefmain channel indicates the features of thksrof the study area

which promotes to high-speed flash floods. Tabé®ws the morphometric parameters determined itwbesub-basins.
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Figure 14: Catchment Area of Zarga Ma’in and Hydrological Characteristics of the Sub-Basin.

Table 3: The Morphometric Parameters of the SelecttBasins in the Catchment Area

Acronym Description Sub-Basin (1) | Sub-Basin (2)
AVEL |Mean basin elevation 760.64m 464.82m
AOFD |Average overland flow distance 391.97m 449.66m

BS. Basin (overland) slope 0.0619m/m 0.2333m/m
MFD  |Basin length along main channel from outlet to rgzeh boundary 39301.22m 2144.2.23m
MFS  [Basin slope along main channel from outlet to wastr boundary 0.0132m/m 0.0566m/m
CSD |Length along main channel from outlet to point ogifgocentroid 24131.6m 10826.27m
CSS [Slope along main channel from outlet to point ojifeasentroid 0.015m/m 0.0684m/m
MSL  |Maximum flow (watercourse) length 38504.09n 207%Mm8
MSS |Maximum flow (watercourse) average slope 0.0125m/m 0.0555m/m

L Basin length 23499.71m 15942.48m

P Basin Perimeter 89150.25m 69296.24m

CTOSTR |Distance from Centroid to stream Om 92.03m
Shape _[Shape factor 2.84n¢/m?2 3.13nf/m?

CN Curve Number 91.4 96.2
Area  |Basin Area 194.79Knf 81.08Knf

RESULTS AND DISCUSSION

RAINFALL AND RUNOFF ANALYSIS

The rainfall data was utilized to predict the ralhflepth at various return periods. Intensity DioraFrequency curves
used in hydrology for flood forecasting. IDF curvase a classic method of synthesizing results dimates of
precipitation return levels over a range of duraioThe daily maximum records of Rainfall statitingt were gathered

over 38 years and the Intensity-Duration-Frequgidf) curves were created utilizing data covering period of (1980-
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2018). All IDF calculations and IDF-curves prepaifed all rainfall gauge stations and Table 4 anduké 15 is an
example for Ma’in station.

Table 4: Rainfall Intensity (mm/hr), Duration and Frequency at Ma'’in Station

Return Period Duration (min)
Year 5 10 20 30 | 60 | 120 | 180 | 360 | 720 | 1440
12 69.9 440 | 27.7( 212 133 84 64 40 25 1.6
15 1015 | 63.9| 40.3] 30.y 194 122 93 59 337 23
110 1225 | 77.1| 486 37.1 234 147 112 7.1 45 2.8
125 148.9 | 93.8| 59.1] 451 284 179 137 §6 54 3.4
150 168.6 | 106.20 66.9 51.1 322 203 1%5 9.7 p.1 3.9
1100 188.1 | 118.5 74.6f 57.0 359 226 17.2 109 6.8 4.3
11000 2525 | 159.1) 100.2 76, 48]2 30.3 282 146 9.2 5.8
Rainfall Intensity Duration Frequency Curve for Ma'in Station
1000
-2 Year
E =5 Year
E
=, 2, 10 Year
%‘ =25 Year
=
- =50 Year
=
3_!; 10 100 Year
E -+1000 Year
! 1 i 100 10‘00 10000
Rainfall Duration (h)

Figure 15: Intensity-Duration-Frequency (IDF) Curve for Ma'in Rainfall Station.

UNIT HYDROGRAPH AND DETERMINATION OF DESIGN FLOOD

Flash flood in Zarga Ma'in was occurred with préeigion did not exceed 43 mm with a duration ofr@didutes. Therefore,
it is necessary to estimate the expected floochdigmes of return periods reliably for future depah@nts and protection.
There are no stations of stream flow measuremardtdd in Zarga Ma'in catchment area. Thereforeestimate the
runoff, the US Soil conservation services method3p Wanielista, 1990, was applied to compute the runoff occurred
from various storms of normal conditions. This noethtakes the initial abstraction of rainfall anc ttand use, the
antecedent moisture conditions (AMC). The maximeatemtion and the watershed characteristics aréetethrows the

curve number (CN). By using the WMS 11 software @¢ was calculated by the calculator's extensioseldaon the
LU/LC relation. The curve number for the study ais=82.

The SCS runoff Equation (1) was used for runofftdegalculation.

_ (p-0.29)*
~ (p+0.85) )

Q
Where

Q = The runoff depth (mm)

P = The precipitation depth (mm)
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S =The total losses of the rainfall depending oi e (mm) and it can be determined by the foilogy

equation:

S=222_254 @)
CN

Initial abstraction (Ia) is the overall losses lo¢ trainfall before runoff starts. la is highly \arle but generally is
related to soil parameters.

la=0.2S 3
Where:
la= Initial abstraction (mm)

By using the SCS runoff equation, daily runoff voke was calculated, and the yearly amounts werenadeted.
The average annual rainfall in Ma’in station ranffesn 450 mm to 23 mm and the mean annual runofjea from 361
mm to 5.5 mm (Figure 16). The mean annual runofdgsal 167.4 mm/year (Figure 16). The annual rueicgntage
ranged between 23.9 and 85.5% of annual rainfajufe 16).

Average Yearly Rainfall & Runoff at Ma'in Station( 1980-2018)
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1980 1983 1986 1989 1992 19395 1998 2001 2004 2007 2010 2013 2016 2019
-=-Total rainfallimm} -=-Total runoff(mm) -=Runoff % —Average Rainfall - Average Runoff

Figure 16: Yearly Rainfall and Runoff and Percentag Runo of Ma'in Station.

The runoff hydrograph ordinates depending on th@ath depth of the desired return periods werénessted from
the unit hydrographs. The storm hydrograph pealwdlmbtained for the basin are presented in Tabl&éhg. runoff
hydrograph for the peak discharges of differentrreperiods for each time is displayed in Figure Tffe calculated flood
volumes are presented in Table 6 as Million Cubetdvl (MCM) for the 2,5, 10, 25, 50, 100, and 106@ryreturn period

Table 5: Peak Runoff for Zarga Ma’in Basin (m/s)

T Storm return periods and peak flows (n?’/s)
2Years | 5Years | 10 Years | 25 Years | 50 Years | 100 Years | 1000 Years
5 min 1.51 8.19 15.27 26.66 36.57 47.35 88.47
10 min 4.67 17.41 29.24 47.09 62 77.94 135.82
30 min 14.83 40.73 62.21 92.75 117 142.32 230.6
1hr 32.01 74.84 107.94 153.08 188.15 223.9 347.31
3 hr 73.57 148.54 202.69 274.36 329 383.93 568.37
6 hr 115.23 216.99 289.05 382.61] 453.09 523.5] 757.9
12 hr 172.28 307.99 401.67 521.87| 611.69 701.16 997.0%
24 hr 248.72 426.04 546.18 699.03 812.74 925.5¢ 1297.66

Impact Factor (JCC): 6.3238 NAAS Rajif8.73



Impact of Climate Change on Flash Floods Using Hyalogical Modelling and GIS: Case Study Zarqga Ma'iirea

Flow ws. Tume Flow vs, Timc
% e PEAK: 13842 c TIME OF PEAK:47 e VOLTME 3747861 303
80
704 2100
_ 0
9
Fao L
07
a 0
o 2
W
[
a 2500 3000
Flow vs, Time Flow vs. Trme
PEAK 29060 crmn TIME OF FEAK: 960 man VILUME d PEAK 6731 cms TRV OF PEAK: 080 s VOLIAD "
w
200 09
| 20 |
s 150 d
= f 20
; 150
30 g
| F oo
5
504 o
04 —
206 200 3000 @ d 15
v
o, o R 1 P i s J
v
vl E R i 000" e
L]
S - W
1 s 1P 200, TOD W ETIE 0

Figure 17: The 5, 10, 30 and 60-Minute Hydrograph fothe Differ

Catchment.

Table 6: The Flood Volumes of Zarga Ma'in Basin (MQV)

43

ent Return Periods for Zarga Ma'’in

Time Storm Return Periods and Peak Flows
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years 1000 Years

5 min 0.13 0.71 1.32 2.30 3.16 4.09 7.64
10 min 0.40 1.50 2.53 4.07 5.36 6.73 11.73
30 min 1.28 3.52 5.37 8.01 10.11 12.30 19.92

1 hr 2.77 6.47 9.33 13.23 16.26 19.34 30.01

3hr 6.36 12.83 17.51 23.70 28.43 33.17 49.11
6 hr 9.96 18.75 24.97 33.06 39.15 45,23 65.48
12 hr 14.88 26.61 34.70 45.09 52.85 60.58 86.15
24 hr 21.49 36.81 47.19 60.40 70.22 79.97 112.12

To determine how the runoff is distributed overdimve must introduce a time-dependent factor. Trhe-bf-
concentration (Tc) is utilized for SCS methods.iFenost often defined as the time required for giga of water to

travel from the most hydrologically remote pointle watershed to the point of collection. The tenecentration, (Tc) is

defined as the time required for the most remote dbf water to reach the outlet of the catchmewt.e$timate peak

discharge, the morphometric parameters were detednilependent on the available Drainage Elevatiap KDEM);

which include drainage area (A), the length of khlegest main stream (L), the elevation differene® between the

highest point of the mainstream and the outlehefwadis, and the average slope (%) (Table 7).

Table 7: Hydrologic Characteristics of the Zarqa Mdin Catchment Area

Catchment Parameters Unit Value
Hydraulic Length (L) (Km) 55
Hydraulic Length (L) (Mile) (mile) 34.17
Elevation difference (H) m 1318
Average Slope % 2.40
Drainage Area (A) (Km?) 276
Drainage Area (A) (mile?) 106.56

www.iaset.us
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The design duration is equal to the time of coneion for the drainage area. In literature, themea number of
equations and methods to estimate the time of edrateon with different boundary conditions. Theshapplicable eight
equations representing different watersheds weesl us estimate the time of concentration and thaimim was

considered. There are several methods availableafoulating tc, one of which is the Lag Method:

100(3.281L)*¢[1000/ cN—9]""

.= -
‘ 1900(1005)%3

Where:
tc = Time of concentration, in min.
L = Length of longest watercourse, in m. S = Sloplow path, in m/m.

CN = SCS runoff curve number, according to land tigelrologic soil group, and moisture condition,igided

value is calculated.

The second equation that can be used to estimasethe Kirpich formula (Kirpich, 1940); which cdre used

mainly for small watersheds:

t=0.0078(3.281L)>77 § 03 o

The potential maximum retention of soil can be ofetd from the following equation:

1000
§= - — 10 6) (

Where
S: potential maximum retention (inch) CN: Curve tem

In order to use this method, the time to peak &edoeak discharge are estimated. The method asshate$he

duration of excess rainfall is less or equal D £33.x the time of concentration, and that,

The rainfall duration is not too long (D<0.2 tintegeak).

The time of concentration can be calculated usaggime as follows:

Tc=1.67*1 )
Where

Tc: time of concentration (Hours) T1: lag time (heju

The Time of peak (Tp) was calculated by:
Tp=7+0.6+Tc 8)
Where

Tp: time of peak (Hours) D: duration equal 1 hour.
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Peak discharge can be calculated by:

2.08=A
T

(9)

Qp —

Where
Qp: peak discharge of the unit hydrograpt/)n2.08: constant value
A: area (Kn).
T, is the time to peak in (hr)

According to the hydrological parameters of the-satthments, the calculated lag timg, {ime of concentration

(tc), time to peak (jp) and the peak discharge gQfor Zarga Ma'in catchment is summarized in Ta{@® The peak

discharge in the outlet is around 64.02&smand a total discharge volume of 2.019 MCM/Yeaslaown in Table 8. On
the other hand, the Unit Hydrograph for Zarga Maachment is shown in Figure 20

Table 8: Hydrological Parameters of the Zarga Ma’'inCatchment by using SCS Method

Area | |ongest Path Lagtime | tcSCS Basin Slope
CN S ; Tp (h 3
km?) | (Km) a ) | min | PO ) Qp (m*/s)
276 55 92 23.426 8.45 14.11 8.9y 2.37 64.03
70
60 rlr.d_.".
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Figure 18: Unit Hydrograph for Zarga Ma'in Catchment Area.
FLASH FLOOD ON OCTOBER 25™, 2018 IN ZARQA MA’IN AREA

The rainfall amounts on October 252018 where collected from the MWI data base dmed dordan Meteorological
Department for all rainfall gauge stations that digsseminated in and encompassing the investigatierflooded area.

Rainfall amounts are present in Table 9.

Table 9: Rainfall Amounts for Rainfall Gauge Statins

Station ID Station Name Gage Weights| Precipitation (mm)
CC0002 | MA'IN 0.37 43
CC0001 | MADABA 0.28 27
CD0028 |MULEIH 0.035 18
CC0004 | MUSHAQQAR EVAP. ST 0.12 30
CD0016 |JUDAYDA 0.18 15
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The WMS package has been used to simulate the &c@#' 2018 event. Losses in each sub-basin were
calculated using the SCS-curve number and the S@&ndionless hydrograph was used to transform xhess rainfall
into runoff. Figure 19 and 20 show that the estedaunoff water volume at the wadi outlet using Wf$roach while
accounting. The flood hydrographs and peak flowsewdetermined for both sub-basin (Figure 19, 2@suURs indicate
that the flood hydrograph volume is about 2.98 M@k a peak discharge of about 102.9%sior sub-basin 1, and 1.31
MCM with a peak discharge of about 126.68sfor sub-basin 2. The hydrographs and peak fiwense determined for
sub-basin 1 and sub-basin 2 and illustrated inréi@l. Table 10 shows the hydrological parameteteeotwo sub-basin

and the outlet from the catchment.

———

Qutl

T

—
v Sub-basin 2

Figure 19: Schematic Simulation of the Zarga Ma'inCatchment Area.
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Figure 20: Peak Flow Discharge Hydrograph Created Y WMS (11.0) for
the Two Sub-Basins and at the Outlet.
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Table 10: Hydrological Parameters of the Zarqa Ma’n Catchment by using SCS Method

: Area |Longest path Lag time | tc SCS Basin | Qp | Volume
Be (Km?) (Km) G S (T1) (hr) | (min) Uiz Slope (%) (m3/s)| MCM
Sub-basinl 194.8 24.1 91 24.8 4.13 6.9 416 6.2 102.9 2.98
Sub-basin2 81.2 10.8 96 10.3 1.04 1.7 1.5 23.3 126.7 1.8
Outlet 276 34.9 92 23.43 5.2 8.6 6.1 6.32 146.7 4.8

HYDRAULIC MODELING RESULTS

HEC-RAS model development was a distinguished mtamidde utilized for the computations of the watevdl of the
precursor floods in the chose aqueduct coursegosgsesection of the sub-basin 1 and sub-basin 2takes. The peak
discharge value was 102.94/min sub-basin 1 and 126.66/mfor sub-basin Zigure 21 shows the cross section and the
water surface profiles that the model predictedsfdy-basin 1. Results indicates the water surfage feached 423 meters
and the water height in the cross-sectionl fromditmind to the surface wasll meters. On the otaed,hFigure 22
shows the water surface profiles that the modalipted for sub-basin 2 and the water surface lmathed -220.91 m and
the water height in the cross-section from the gdoto the surface was 3 m.
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Figure 21: Cross Section and Water Surface Profilen River Stream in Sub-Basin 1.
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Figure 22: Cross Section and Water Surface Profilen River Stream in Sub-Basin 2.

RESULT AND DISCUSSION

From the climatic data analysis and its findingss iclear that there is an increase in rainfalbams associated by a rise
in temperature, and a decrease in relative humalir time. This could be attributed to climate @ Moreover, when
air temperature increases, air can hold more watdecules, and its relative humidity decreases. ¢l@w, in the arid
areas during the nights and during temperature sjroglative humidity increases which will increase chance for
precipitation (Lawrence, 2005). Climate change $etal flash floods. This is due to several factims|uding heavier
precipitation. In the future, heavy precipitationeats are projected to increase (along with tempers) because of
climate change. This includes extreme weather edarmdwn as atmospheric rivers which are air cusréefivy with water
from the tropics (IPCC, 2017). As the IPCC conctldie its special report on extreme events. Thermase data on
rainfall that exists, and some evidence for a tréswlards heavier rainfall. This is due to greenleogas emissions
contributing to observations of more intense prigaijpn. Modeling results show that the annual manperature in the
study area is likely to increase in addition toftefg in the hydrological year. In Jordan, the hyldgic year starts on
September 1% and lasts until June in the following year. In thst few decades, winter has followed this regime,
however in the last 10 years there has been aishifte rainy months, which lead to rain beginningDecember and
heavy rain beginning in January. Thus, this leadisidreased annual average precipitation and aeased amount of
evaporation which will increase the chance for morecipitation and occasional flash floods and diesecy of extreme
weather events. The land used in the study are@&ly variable due to its natural characteristiise bare rocks and bare
soil cover about 35% of the Zarga Ma'in catchmaebamoreover, this percent represent more than f8&% sub-basin
2. This nature of LU/LU will be causing an incredsethe velocity of runoff water and accelerate flteod peak; in
addition, the texture of soil samples is sandy lcamd clayey sandy loam which has a great influemtehe runoff
volume. This soil is characterized by its capapitf quickly draining excess water which contriktite the increase in

water runoff and flash flood, toward the Dead Sé®e catchment area of Zarga Ma’in was divided tato sub-basins, the

area of these sub-basins is 81 to 195%an sub-basin 1 and sub-basin 2 respectively, hait tongest flow paths range

from 39.3 to 21.4 Km, respectively. Analysis of mpleometric parameters showed that the morphomédiecacteristics of
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the watershed contribute in high-speed floods Waith infiltration rates. The total runoff computeg the model was
found to be 146.7 Ais or 4.3 MCM. During the disaster event which aoed on October 2% 2018, the intensity of the

rainfall, which reached 43 mm in Ma'in area in 2thutes in an area not more than 81 %maining to Zargqa-Ma'in
Valley. The intensity of the rainfall was not expt and was extreme; it occurred mostly on barksredgth steep slopes
without any infiltration or water absorption. Tliage amount of water ran in the Zarga Ma'in Wadlictv is characterized
by steep narrow banks leading to a rise in the mlatel to about 11m and at least 3m in height atew drained into the
Dead Sea. This resulted in a huge flood, and camrsely a mudflow containing boulders and graveldodg the Dead
Sea. According to the IDF curves for Ma'in rainfguge station, the amount of this thunderstorain®st similar to the
maximum storm events that occurred for a returmogeof 2, 10, 25 and 1000 years during 10, 20,8 60 minutes
respectively. The hydrological parameters of the sub-basins, the lag timdg)(ttime of concentration ¢}, time to peak

(Tp), and the peak dischargeflXor Zarga Ma'in catchment have been calculateith Wc being around 2 minutes,pT

was 1.5h, and the peak discharg@){d the outlet point next to the Dead Sea was ratdlA6.7 m/s.

CONCLUSIONS

This research presents an analysis method to esdctlile flood water discharged from the Zarqa M&&atchment area by
using the available data set from both MWI and Meiogy Department. Meteorological data like tengpere and

relative humidity indicates that there was an iasgein precipitation and a decrease in relativeitlitynand a rise in

temperature over the year which is due to clim&inge. This leads to changing weather patternghendccurrence of
strong rainy depressions at an untimely date ofyfae and thus leads to flash floods that havgrifgiant impact on the
environment and people. This is what happeneddrDisad Sea region. In this study area, a flashlftmzurred due to the
occurrence of a severe thunderstorm in a shorbgesh the mountain slopes, which were mostly caldrg weeds

scattered, in the Zarga Ma'in area. The study @reharacterized by moderate to relatively steeped, this resulted in
high-speed runoff generation due to the inabilityhe catchment to obstruct the flow. The rainéadent of Zarqa Ma'in on
October 28, 2018 was simulated on catchment using the gesteratit hydrograph. Flood hydrographs have beestede
at the outlet of the sub-basins catchment aredditian to at the catchment outlet. Flood hydrotysapere derived for the

two sub-catchments of the whole Zarga Ma'in catahimResults indicate that the flood hydrograph wwdus about 2.98
MCM with a peak discharge of about 102.9%/snfor sub-basin 1, and 1.31 MCM with a peak disghaf about 126.66

m3/s for sub- basin 2. HEC-RAS Model Development wagcognized model utilized for the calculationghs water
level of the antecedent floods for computing tleed wave propagation resulting from a thunderstecenario. The peak
discharge data for each catchment calculated WERHIMS are used as an input to the HEC-RAS to mduelwater
depths and along the flood path. In HEC-RAS, tbedl path is defined through 16 cross-sections etedafrom the TIN
of the study area. The water depth ranges betw&enid Wadi Zarga Ma’in to 3m at the outlet of ttegahment area.
Information on the flash floods on October™22018 may be used as a realistic scenario of dusimilar events.
Clearly, many lessons can be learned from thisstagghic event in order to reduce potential damagd,create an early
warning system in the area. It is necessary toigeosome prevention such as installing water nafilbon bonds and a
water retention system to increase the infiltratowl decrease the speed of the flood water. Morgallecatchment areas

that are subjected to flash floods must also bgestdd to flood hazard assessment.
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